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The mechanism of the superconductivity, namely, the mechanism of the electron pairing in high-Tc cuprates
has extensively been studied.  In the hole-doped high-Tc cuprates, it is well known that the doping of holes into
the antiferromagnetic (AF) Mott-insulating state in the parent compounds destroys the AF order and the
superconductivity appears, suggesting that the AF spin correlation is related to the electron pairing.  Moreover, in
the overdoped regime where Tc decreases with hole doping, the so-called electronic inhomogeneity and/or the
weakening of the AF spin correlation has been suggested to be related to the decrease in Tc with doping.
In the electron-doped high-Tc cuprates with the so-called T’-structure, formerly, it has been suggested that the
parent compounds of the T’-cuprates are not Mott-insulating but superconducting (SC), indicating that the paring
mechanism may not be related to the AF spin correlation.  Recent studies of the SC parent compounds and the
electron-underdoped T’-cuprates have proposed that the superconductivity is able to be understood in terms of the
band picture including the strong electron correlation, namely, the electron paring mediated by the AF spin
correlation.  However, neither the electronic state nor the pairing mechanism has yet been clear in the overdoped
T’-cuprates.  Moreover, it has not yet been clear whether or not the decrease in Tc in the overdoped T’-cuprates is
related to the inhomogeneous electronic state.
Purpose
In order to elucidate the mechanism of the superconductivity in the electron-doped T’-cuprates, I have
investigated both SC and normal electronic states in the overdoped T’-cuprates of Pr1-xLaCexCuO4 (PLCCO),
where electrons are doped through the substitution of Ce for Pr.  Concretely, I have focused on whether the SC
electronic state is inhomogeneous or not and on the normal-state properties and the possible band picture in the
overdoped PLCCO.
Experimental results and discussion
PLCCO single crystals of x = 0.13, 0.15, 0.17, 0.20 have been grown by the travelling-solvent floating-zone
method. The reduction annealing necessary to obtain the superconductivity in the T’-cuprates has been carried
out by the protected vacuum annealing technique.
From the magnetization curve, it has been found for x = 0.13, 0.15, 0.17 that the hysteresis is quite small and
that the so-called second magnetization peak is not observed, suggesting that the vortex pinning is relatively weak
due to the rather homogeneous electronic state. In addition, the specific-heat measurements have revealed that
the magnetic-field dependence of the residual Sommerfeld constant in the ground state, 0 = 0(H) - 0(0), is well
reproduced by HlnH rather than H1/2, suggesting the occurrence of homogeneous dirty d-wave superconductivity.
These results suggest that the SC electronic state is homogeneous in the overdoped T’-cuprates.
It has been found that, while the Hall resistivity, xy, exhibits a nonlinear magnetic-field-dependence in the
underdoped regime, xy in the overdoped regime of x = 0.20 where the superconductivity almost disappears is
positive and exhibits a linear magnetic-field-dependence, indicating the existence of one kind of hole carriers in the
overdoped crystal of x = 0.20. Moreover, the muon-spin-relaxation (SR) measurements have revealed that the
development of the spin correlation weakens with increasing x and is negligibly small for x = 0.20.  These results
suggest that the AF spin correlation exists in the T’-cuprates where the superconductivity appears and moreover
that the electron doping results in the change of multiple to single carriers and in the weakening of the AF spin
correlation, which is the reason for the decrease inTc, in the overdoped T’-cuprates.
Conclusions
The magnetization and specific-heat measurements have revealed that a rather homogeneous SC electronic state
is realized in the overdoped T’-cuprates.  The SR and Hall resistivity measurements have uncovered that the AF
spin correlation exists in the T’-cuprates where the superconductivity appears and that the carriers change from
multiple to single with electron doping in the overdoped T’-cuprates.  The SR measurements have revealed that
the development of the spin correlation weakens with increasing x.  These results support the band picture
including the strong electron correlation.  It has been concluded that the AF spin correlation is related to the
electron pairing in the overdoped T’-cuprates as well as in the parent compounds and underdoped T’-cuprates.
Accordingly, it is suggested that the mechanism of the superconductivity is related to the AF spin correlation in the
electron-doped high-Tc cuprates as well as in the hole-doped ones.
